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Abstract
Objective
We sought to determine the contribution of psychological variables to risk for metabolic syn-
drome (MetS) among Latinos enrolled in the Multi-Ethnic Study of Atherosclerosis (MESA),
and to investigate whether social support moderates these associations, and whether in-
flammatory markers mediate the association between psychological variables and MetS.
Research design and methods
Cross-sectional analyses at study baseline were conducted with a national Latino cohort
(n = 1,388) that included Mexican Americans, Dominican Americans, Puerto Rican Ameri-
cans and Central/South Americans. Hierarchical logistic regression analyses were con-
ducted to test the effects of psychosocial variables (chronic stress, depressive symptoms,
and social support) on MetS. In addition, separate subgroup-specific models, controlling for
nationality, age, gender, socioeconomic position, language spoken at home, exercise,
smoking and drinking status, and testing for the effects of chronic stress, depressive symp-
toms and inflammation (IL-6, CRP, fibrinogen) in predicting risk for MetS were conducted.
Results
In the overall sample, high chronic stress independently predicted risk for MetS, however
this association was found to be significant only in Mexican Americans and Puerto Rican
Americans. Social support did not moderate the associations between chronic stress and
MetS for any group. Chronic stress was not associated with inflammatory markers in either
the overall sample or in each group.
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Conclusions
Our results suggest a differential contribution of chronic stress to the prevalence of MetS by
national groups.
Introduction
Metabolic syndrome (MetS) represents the cluster of metabolic abnormalities associated with
an increased risk of diabetes mellitus and cardiovascular disease. The Hispanic/Latino popula-
tion living in the United States has the highest prevalence rate of MetS compared to other eth-
nics groups [1]. They also carry a disproportionate burden of related risk factors (e.g.
overweight & obesity) and disease sequelae (i.e. diabetes & hypertension) [2,3].
The U.S. Latino population includes diverse groups, such as Dominican Americans, Puerto
Rican Americans, Mexican Americans, Cuban Americans, as well as Central and South Ameri-
cans. Although they are commonly thought of as a single monolithic ethnic group, there are
substantial sociocultural differences between the groups, including differences in health risks
that are likely the result of the known cultural, genetic and socioeconomic heterogeneity of this
population [4]. Furthermore, genetic admixture studies have established that Mexican-origin
Hispanics are predominantly of European and Native American ancestry, that Caribbean-His-
panics (Dominicans, Cubans and Puerto Ricans) are mainly of European and African ancestry,
and that most of the South and Central American-Hispanics share European, Native American
and African ancestry, but in different proportions [5,6]. Therefore, studies that include Latino
groups should not only compare them with other ethnic groups, but also identify within-group
differences in health-relevant variables.
A previous study by Allison et al. [4] with the Latino sample enrolled in the Multi-Ethnic
Study of Atherosclerosis (MESA) identified differences in cardiovascular disease risks, and dif-
ferent mean values on several indicators of subclinical cardiovascular disease in the four U.S.
Hispanic subgroups. Specifically, Mexican Americans had the highest prevalence of MetS and
triglycerides concentrations compared to Dominican Americans, Puerto-Rican Americans and
other Central/South Americans. However, no differences in fasting glucose, systolic blood pres-
sure, low LDL cholesterol, and inflammatory markers such as C-reactive protein and fibrino-
gen were noted.
Our study expands on the Allison et al. study [4] by testing the contribution of psychological
factors on risk for MetS in these four groups. To our knowledge, no population-based study
has examined the association between the burden of stress, depressive symptoms, and psycho-
social resources in predicting the onset of metabolic syndrome among the U.S. Latino sub-
groups, nor have they investigated any between-group differences in the pattern of
relationships among these variables. Previous studies have identified the links between psycho-
social variables and MetS but mainly in Caucasian populations [7–11]. According to the extant
literature, the odds of developing MetS increases 13% for those who experience negative life
events [12], and employees with chronic stress at work are twice as likely to develop MetS than
those without chronic work stress [13]. Similarly, many studies have found that depressive dis-
order is related to incident and/or recurrent cardiovascular disease in both patients with car-
diovascular disease and in the general population [14]. In addition, both cross-sectional [15]
and longitudinal associations [16] between depressive symptoms and MetS have been reported.
On the other hand, psychosocial resources, such as the availability of family social support,
have been linked to more positive mental and physical health [17,18]. Loneliness (as an indirect
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measure of lack of social support) was associated with an increased likelihood of meeting MetS
criteria [19], and MetS and its components were more prevalent in those with low social sup-
port, as well as in men and women with high rates of dyslipidemia [20].
Systemic inflammation has emerged as an important cardiovascular risk factor, and may be
an underlying mechanism linking psychosocial factors to cardiovascular disease [21]. Inflam-
matory processes have been linked to the onset and development of atherosclerosis, and with
the precipitation of cardiovascular disease [22]. Evidence obtained from the MESA study has
suggested that psychosocial factors are related to higher levels of inflammatory markers. For
example, higher levels of chronic stress were associated with higher concentrations of IL-6 and
CRP, and depressive symptoms were also positively associated with levels of IL-6. However,
these effects were reduced to non-significance after controlling for socioeconomic position
(SEP), BMI, health risk behaviors, and diabetes [21].
To date, most studies supporting the link between psychological factors and MetS have been
conducted with Caucasians or by treating race/ethnicity as a covariate. This limits the gener-
alizability of the findings, and fails to consider any between and within-group differences in the
pattern of associations between psychological factors and MetS. Our study addresses these lim-
itations by testing the association of psychological variables of stress and depressive symptoms
with risk for MetS in a multi-national sample of Latinos living in the US. Thus, the purpose of
this study was to test the contribution of psychological variables to risk for MetS among Latinos
enrolled in the Multi-Ethnic Study of Atherosclerosis, testing associations in both the overall
sample of Latinos and in each Latino group. We also investigate whether social support moder-
ates, and whether inflammation mediated the association between psychological variables and
MetS.
Materials and Methods
The Multi-Ethnic Study of Atherosclerosis (MESA) is a population-based prospective cohort
study of 6,814 US adults from different racial/ethnic groups. Data were collected from several
university study centers, including: Wake Forest, Columbia, John Hopkins (city and county
tracts), Minnesota, Northwestern, and UCLA. The current, cross-sectional analyses focus only
on data on the Latino subsample from the baseline MESA exam (July 2000—July 2002).
Ethical Statement
The institutional review boards at all participating study centers approved the protocol, and all
participants gave informed written consent. Patient records/information was de-identified
prior to analysis. MESA was reviewed by Institutional Review Boards at all six field centers and
the Coordinating Center: Columbia University (Field Center); Johns Hopkins University (Field
Center); Northwestern University (Field Center); UCLA (Field Center); University of Minne-
sota (Field Center); Wake Forest University (Field Center); University of Washington (Coordi-
nating Center). Details about the study have been previously published [23].
Participants
Analyses were conducted only on the MESA Latino sample (n = 1388), which includes: Mexi-
can Americans (n = 799), Dominican Americans (n = 175), Puerto Rican Americans (n = 201),
and other Central/South Americans (n = 213). Participants with known cardiovascular disease
were excluded at baseline.
Psychosocial Predictors of Metabolic Syndrome in Latinos
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Measures
Explanatory variables. Chronic stress was assessed with the Chronic Stress Burden Scale
that was developed for the Healthy Women’s Study [24]. Participants were asked to identify 5
ongoing difficulties, and report if this has been a problem for six months or more (“health prob-
lem”, “health problem in someone close to them”, “job difficulties”, “financial strains”, and “diffi-
culties in a relationship with someone close”). Items were dichotomous (0 = “no”, 1 = “yes”) and
a total score was calculated by summing the total number of items to which a “yes” response
was given (range 0 to 5).
Depressive symptoms were measured with the Center for Epidemiologic Studies Depression
scale (CES-D) [25], which is a 20-item self-report depression symptoms measure that was
rated on a 0 to 3 point scale (0 = “rarely”; 3 = “most”). The CES-D assesses depressed mood
(“past week, I felt sad”), feelings of worthlessness (“past week, I felt I was not as good as other
people”), feelings of hopelessness (“past week I felt hopeful about future”), poor concentration
(“past week, I had trouble keeping my mind on what I am doing”), loss of appetite (“past week, I
had poor appetite”), and sleep disturbance (“past week, sleep was restless”). High scores are in-
dicative of greater depression. In this study, we used the scores as a continuous variable (Cron-
bach α = .88).
Social support was assessed with the ENRICHD Social Support Inventory (ESSI) [26]. The
original scale is a 7-item self-report measure that assesses structural, instrumental, and emo-
tional support. Samples items are “someone is available to help with daily chores”, or “someone
is available to provide emotional support”. Responses were rated on a five-point scale (1 =
“none of the time”; 5 = “all of the time”), except for the seventh item, which has a yes/no re-
sponse. In MESA, participants responded only to 6 items and the dichotomous item was ex-
cluded. The Cronbach Alpha for the scale was. 88.
Outcomes. The primary study outcome was Metabolic Syndrome as defined by the criteria
proposed by the National Cholesterol Education Program’s Adult Treatment Panel III IDF in
2004 [27]. In this study MetS was treated as a dichotomous variable (MetS or not MetS). Ac-
cording to the definition, in order to be diagnosed with MetS, participants must meet 3 or
more of the following criteria:
1. Increased waist size:> 102 cm for males;> 88 cm for females
2. Elevated triglycerides: 150 mg/dl
3. Low HDL cholesterol:< 40 mg/dl for males;< 50 mg/dl for females
4. Elevated fasting glucose level (IFG): 110 mg/dl, or being treated for diabetes.
5. Elevated blood pressure: Systolic blood pressure 130; Diastolic blood pressure 85; or
being treated for hypertension.
Triglycerides and HDL cholesterol were measured from blood samples obtained after 12
hour fasting. Serum glucose was measured by the glucose oxidase method on the Vitros analyz-
er (Johnson & Johnson Clinical Diagnostics). Resting blood pressure was measured three times
in the seated position using a Dinamap model Pro 100 automated oscillometric sphygmoma-
nometer (Critikon, Tampa, Florida). The average of the last two measurements was used in the
analyses [28].
Covariates. Demographic characteristics: Several demographic characteristics were in-
cluded in the analyses: Latino sub-group containing four categories (Mexican American, Do-
minican American, Puerto Rican American, and Central/South American), educational
attainment, income, language spoken at home, years living in US, age and sex. Education and
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income scores were standardized and summed to create a socioeconomic position (SEP) index
[29].
Health behaviors: Standard questionnaires were administered to measure several health be-
haviors. Cigarette smoking categories were never (0), former (1), and current (2). Never smok-
ing was defined as lifetime consumption of less than 100 cigarettes; and former smoking as
quit smoking 1 year earlier. Alcohol use was screened with the questions “have you ever con-
sumed alcoholic beverages?” and “do you presently drink alcoholic beverages?” Participants were
classified as never (0), former (1), and current (2) users [30].
Physical activity was measured with the intentional exercise variable from the Typical Week
Physical Activity Survey, defined as the sum of walking for exercise, sports/dancing, and condi-
tioning metabolic equivalent (MET) hours per week [23].
For analyses purposes, U.S. Latino group, gender, language spoken at home, cigarette smok-
ing and alcohol use were dummy coded, with Mexican American, female, Spanish spoken at
home, non-smoker status, and current drinker selected as the reference for each variable.
These variables were included in our analyses as covariates.
Inflammatory markers: Interleukin 6 (IL-6), CRP (C reactive protein) and fibrinogen, were
collected using standard procedures [21]. None of the inflammatory variables distributed nor-
mally so they were log transformed. IL-6 level was measured with an ultrasensitive enzyme-
linked immunoabsorbent assay (R&D Systems Minneapolis, Minnesota). The laboratory coef-
ficient of variation for the IL-6 assay was 6.3%; CRP and fibrinogen antigen levels were mea-
sured using the BNII nephelometer (N high sensitivity to CRP and N antiserum to human
fibrinogen; Dade-Behring, San Mateo, CA) [21]. The intra-assay coefficient of variation for
CRP ranged from 2.3% to 4.4%, and inter-assay coefficients of variation ranged from 2.1 to
5.7%. The intra-assay and inter-assay coefficients of variation for fibrinogen were 2.7 and 26%,
respectively [30].
Data analysis
Data were analyzed with SPSS version 21. All the analyses are cross-sectional, focusing on data
from exam 1. Hierarchical logistic regression was conducted to estimate the contribution of
variables of interest in predicting risk for MetS in the overall Latino sample. These models in-
cluded variables entered in invariant order as follows: Step 1 included demographic characteris-
tics (age, socioeconomic position, language spoken at home, years living in US, Latino sub-
group, and gender), and lifestyle behaviors (smoking history, alcohol consumption, and physi-
cal activity level); Step 2 added psychosocial variables: chronic stress, depressive symptoms,
and social support; Step 3 added the interaction terms between each psychosocial variable and
national groups (chronic stress X national group, depressive symptoms X national group); and
Step 4 added the inflammatory markers (IL-6, CRP, and fibrinogen levels).
If the interaction terms between psychosocial variables and national groups are not statisti-
cally significant were dropped from the analyses. Thus, additional subgroup-specific hierarchi-
cal logistic regressions were conducted to determine the association between psychological
factors and risk for MetS in each Latino group sampled. These models included age, socioeco-
nomic position, language spoken at home, gender, smoking history, alcohol consumption, and
physical activity level, and inflammatory markers.
For all the analyses a p-value less than 0.05 was considered statistically significant.
Results
Table 1 shows the sociodemographic characteristics at baseline for each of the four U.S. His-
panic groups, and for the total sample (n = 1388). The mean age was 60.85 years (SD = 10.2)
Psychosocial Predictors of Metabolic Syndrome in Latinos
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and 52% were female. Fifty-eight percent were Mexican American, 12.6% were Dominican
American, 14.5% were Puerto Rican American, and 15.3% were Central/South American. Mex-
ican Americans were the oldest group (M = 61.47; SD = 10.3), and Dominican Americans had
lived the longest in the United States (M = 41.29; SD = 13.1). Sixty-eight percent of the sample
was born outside of the United States. Ninety-five percent of the Central/South Americans
were born outside the Unites States (16.9% from El Salvador, 14.1% from Ecuador, 11.3% from
Colombia, 10.8% from Guatemala, and 7.5% from Peru). Sixty-percent of the sample was mar-
ried, and 67.2% spoke Spanish at home. Thirty four percent completed grade 8 or less of educa-
tion, and 80.1% had an annual income equal to or less than $50,000.
Hierarchical logistic regressions were conducted to estimate the relative contributions of the
variables of interest in predicting risk for MetS, and considered Mexican American nationality,
female gender, Spanish spoken at home, non-smoker status, and current drinker as the refer-
ence group for each of these categorical variables.
Table 2 shows the odds ratio and confidence intervals for each predictor. Step 1 included
sociodemographic variables, and lifestyle behaviors. Mexican Americans had the highest preva-
lence of MetS. The odds ratio for MetS was 0.53 (95% CI = 0.37, 0.77) for Dominican Ameri-
cans compared to the Mexican Americans, 0.64 (95% CI = 0.46, 0.89) for Puerto Rican
Americans, and 0.67 (95% CI = 0.48, 0.93) for the Central/South-Americans. Males had lower
risk of having MetS than females (OR = 0.62; 95% CI = 0.49, 0.80). As expected, older age was
associated with greater risk of having MetS (OR = 1.03, 95% CI = 1.01, 1.04), and higher socio-
economic position was a protective factor (OR = 0.93; 95% CI = 0.86, 0.96). Language spoken
at home, exercise and smoking history were not significantly related to risk of MetS, but cur-
rent drinkers (reference group) were 47% more likely to have MetS compared to former drink-
ers (OR = 1.47; 95% CI = 1.11, 1.95). Further, adding the psychosocial factors to the model
(chronic stress, depressive symptoms, and social support) did not alter these findings (see Step
2, Table 2). The odds ratio for chronic stress was 1.12 (95%CI = 1.01, 1.23), indicating that the
risk of being diagnosed with MetS increases by 12% for each unit increase in chronic stress.
Neither depressive symptoms nor social support were related to prevalence of MetS. The
Table 1. Demographics characteristics.
Mexican
American
Dominican
American
Puerto Rican
American
Central/South
American
Total p
(n = 799) (n = 175) (n = 201) (n = 213) (n = 1388)
Age (mean, SD) 61.47(10.3) 59.05(10.2) 59.65(10.1) 61.09(10.2) 60.85
(10.2)
.011
Years lived in USA (mean,
SD)
28.02(16.9) 25.83(10.7) 41.29(13.1) 25.42(12.6) 29.43
(15.4)
.001
MetS women% 57 44.3 42.2 44.3 50.9 .001
MetS men% 43.4 23.1 34.8 38.5 39.2 .001
Male % 50.4 44.6 45.8 42.7 47.8 .099
US born% 50.4 0 16.9 5.2 32.2 .001
Married% 60.6 61.7 55.7 61 60.1 .95
Education %
Grade 8 or less 37.5 40 17.9 31 34 .01
Bachelor 4.4 4.6 8 7.5 5.4 .46
Graduate or professional 2.9 6.3 3 7.5 4 .18
Income %
< $50000 79.2 84 78.6 81.7 80.1 .45
doi:10.1371/journal.pone.0124517.t001
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interaction terms included in step 3 (chronic stress X national group, depressive symptoms X
national group) were dropped since none were statistically significant. Adding the inflammato-
ry markers did not change these findings.
Table 3 depicts the association between psychological factors and MetS by Latino subgroup,
over and above demographic variables and inflammatory markers. The odds ratio for chronic
stress predicting MetS was statistically significant for Mexican—Americans, and Puerto Ricans.
Although the OR for stress predicting MetS was greater for Puerto Ricans 1.33 (CI95% = 1.00,
1.75) than for Mexican Americans 1.21 (CI95% 1.04, 1.42), these OR were not statistically sig-
nificantly different, likely as a function of the significantly smaller sample size for the Puerto
Ricans vs. the Mexican-Americans.
Additional analyses were conducted adding an interaction term for chronic stress and social
support to test whether social support moderated the relationship between chronic stress and
risk for MetS, however it was not statistically significant. Also, chronic stress was not statistical-
ly associated with any of the inflammatory markers in either the overall sample or in each
group, thus ruling out a role as a potential mediator in this data
Discussion
The aims of this study were: (1) To test the contribution of psychological variables to risk for
MetS in both the overall Latino sample as well as in each Latino subgroup enrolled in MESA;
(2) To determine if social support moderates these associations: (3) To assess whether inflam-
matory markers mediate the associations between psychological variables and MetS. Our find-
ings suggest an increased risk for MetS among participants who reported high levels of chronic
stress, independent of sociodemographic characteristics and lifestyle behaviors. Those
Table 2. Predictors for MetS risk.
Step 1 Step 2a Step 3
OR CI 95% OR CI 95% OR CI 95%
Dominican American 0.53 0.37, 0.77 0.53 0.37, 0.76 0.64 0.44, 0.94
Puerto Rican American 0.64 0.46, 0.89 0.64 0.46, 0.90 0.64 0.45, 0.90
Central/South American 0.67 0.48, 0.93 0.66 0.47, 0.91 0.70 0.50, 0.98
Male 0.62 0.49, 0.80 0.61 0.47, 0.80 0.73 0.55, 0.96
English spoken at home 0.93 0.69, 1.25 0.98 0.73, 1.33 1.07 0.785, 1.45
Age 1.03 1.01, 1.04 1.03 1.01, 1.04 1.02 1.01, 1.04
SEP 0.93 0.86, 0.96 0.91 0.85, 0.98 0.91 0.85, 0.99
Physical activity 1.00 1.00, 1.00 1.00 1.00, 1.00 1.00 1.00, 1.00
Former smoker * 0.83 0.58, 1.20 0.83 0.57, 1.20 0.91 0.62, 1.33
Current smoker * 0.94 0.64, 1.38 0.92 0.63,1.40 0.95 0.64,1.41
Never drinker † 1.30 0.95, 1.77 1.30 0.96, 1.80 1.31 0.95, 1.81
Former drinker † 1.47 1.11, 1.95 1.49 1.22, 1.97 1.44 1.08, 1.93
Chronic stress 1.12 1.01, 1.23 1.11 1.01, 1.24
Depressive symptoms 0.98 0.97, 0.99 0.98 0.97, 1.00
Emotional support 0.99 0.97, 1.01 0.99 0.96, 1.01
IL-6 3.02 1.80, 5.08
CRP 2.11 1.51, 2.93
Fibrinogen 0.69 0.13, 3.57
* Non-smoker status was used as reference group.
† Current drinker was used as reference group.
doi:10.1371/journal.pone.0124517.t002
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participants reporting greater chronic stress had significantly higher risk for MetS, and this re-
lationship remained significant after accounting for level of inflammatory markers. This find-
ing is consistent with previous studies that have suggested that exposure to greater chronic
stress may increase the odds of developing MetS [13] and adds by demonstrating this associa-
tion among the U.S. Latinos. Contrary to expectations, depressive symptoms were not related
to prevalence of MetS in this sample. Although some studies have reported a positive relation-
ship between depressive symptoms and MetS [16], another study did not find that depressive
symptoms at baseline were related with incident hypertension (one criteria for MetS diagnosis)
after two years of follow-up [31]. Exploring possible explanations, we found that the distribu-
tion for depressive symptoms was negatively skewed, with the median lower than the mean
and the mode was zero producing restriction of range. As such, the relationship between de-
pressive symptoms and MetS merits further attention.
Interestingly, when running separate analyses by Latino groups the pattern of association
emerges only for the Mexican Americans and Puerto Rican Americans; that is, chronic stress
was associated with risk for MetS only in these two groups, suggesting that the role of psycho-
logical stress as a risk factor for developing MetS may vary in the different Latino groups. In
line with our findings, a study conducted in The Hispanic Community Health Study / Study of
Latinos revealed that the prevalence of diabetes was higher for Mexican Americans and Puerto
Ricans Americans in comparison with Cubans Americans and South Americans [32]. Further-
more, previous studies testing for within-groups differences in health-relevant variables have
found that the prevalence of psychiatric disorders, especially depressive and anxiety disorders,
and substance abuse disorders is different between Latino groups [33,34]. Therefore, several ex-
planations for this finding are worth consideration, including that the diet of Mexican Ameri-
cans deteriorates with acculturation [35]. In particular, studies demonstrated that the more
acculturated Mexican Americans replace their traditional healthful dietary practice with more
frequent intake of processed food, fast food, more saturated fat, fewer fruits and vegetables, and
lower dietary fiber [36–39]. Moreover, Puerto Ricans evidence the highest prevalence of psy-
chiatric disorders, higher levels of unemployment in comparison to others Latinos studied, and
may feel more discriminated against than foreign-born Latinos because they do not enjoy the
Table 3. Fully adjustedmodel for each national group.
Mexican-American
(n = 799)
Dominican-American
(n = 175)
Puerto Rican-
American (n = 201)
Central/South
American (n = 213)
Predictors OR CI95% OR CI95% OR CI95% OR CI95%
Age 1.03 1.01, 1.04 1.02 0.97, 1.08 1.05 1.00, 1.09 1.00 0.97, 1.05
Male 0.73 0.51, 1.06 0.49 0.19, 1.24 1.11 0.51, 2.38 0.98 0.42, 2.30
SEP 0.99 0.88, 1.12 0.78 0.59, 1.06 0.93 0.71, 1.22 0.79 0.61, 1.02
English spoken at home 1.33 0.85, 2.03 0.79 0.18, 3.45 0.61 0.26, 1.43 1.01 0.42, 2.42
Never drinker 1.03 0.65, 1.65 0.93 0.27, 3.17 2.04 0.74, 5.60 0.80 0.30, 2.14
Former drinker 0.73 0.47, 1.12 1.08 0.37, 3.09 1.09 0.44, 2.69 0.38 0.14, 0.99
Former smoker 1.19 0.83, 1.70 1.13 0.39, 3.23 0.49 0.19, 1.21 0.89 0.39, 2.06
Current smoker 1.36 0.82, 2.27 0.36 0.89, 1.42 0.97 0.39, 2.42 0.72 0.22, 2.33
Chronic stress 1.21 1.04, 1.42 0.97 0.64, 1.48 1.33 1.00, 1.75 1.12 0.82, 1.51
Depressive symptoms 0.98 0.98, 1.04 0.96 0.91, 1.01 0.99 0.95, 1.04 0.99 0.95, 1.03
Social Support 1.01 0.98, 1.04 0.98 0.90, 1.06 0.96 0.91, 1.04 1.00 0.94, 1.06
IL-6 1.44 1.07, 1.96 4.60 1.86, 11.4 1.44 0.77, 2.73 1.82 0.89, 3.73
CRP 1.38 1.14, 1.68 1.36 0.89, 2.07 1.60 1.02, 2.50 1.38 0.87, 2.19
Fibrinogen 0.55 0.21, 1.46 0.38 0.03, 4.76 1.66 0.19, 14.9 7.77 0.99, 60.3
doi:10.1371/journal.pone.0124517.t003
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socioeconomic advantages enjoyed by the majority of non-Latino Whites. In addition, they
may be more likely to face the added stress of racial discrimination because of the greater per-
centage of members with African ancestry. In fact, a previous study reported that darker
skinned Latinos experience more racial discrimination than lighter skinned Latinos [40].
The above finding provides evidence of within-groups differences among the U.S. Latino
population, and is consistent with the results of a previous study that identified differences be-
tween the groups in cardiovascular risks and on several indicators of subclinical cardiovascular
disease [4]. These results underline the fact that the Latino groups living in the United States
are a heterogeneous population, thus should not be treated as a single, or uniform group. These
results have implications both in the design and execution of public policies for minorities liv-
ing in the U.S., and can help our understanding of the contributors to health disparities.
It was expected that social support would moderate the relationship between chronic stress,
depressive symptoms and MetS in part because Latinos have been characterized as having high
levels of social support from family [41], and several studies have reported positive mental and
physical health outcomes as a consequence of family social support [42,43]. However, this pre-
diction was not supported by the analyses, possible again due to restriction in the range on so-
cial support. Most of the Latino sample reported high levels of social support, suggesting that
this variable probably may moderate these associations when comparing Latinos to other
groups. Furthermore, social support may be one area where Latinos are accurately character-
ized together as a single group.
In this study, we also aimed to determine if inflammation might mediate the association be-
tween psychological variables and Mets. However, in light of the lack of association between
psychological variables and any of the inflammatory markers, no analysis of mediation was
conducted. Our results did indicate that two of the three inflammatory markers, IL-6 and CRP,
were related to risk of MetS as independent contributors in the overall Latino sample. Although
some slight differences in the main effect of inflammatory markers in each of the Latino
groups, this is consistent with previous studies that demonstrated the role of systemic inflam-
mation as a risk factor for MetS [44]. CRP has been identified as a major player in the patholog-
ical process associated with MetS as CRP is associated with insulin resistance, endothelial
dysfunction and impaired fibrinolysis [45]. Systemic inflammation can lead to clinical and bio-
chemical manifestation of MetS [46]. Therefore it is important for future studies on the role of
inflammation among Latinos to test for possible sub-group differences before accepting either
positive or negative results.
The MESA dataset provided an excellent opportunity to test these hypotheses because of the
large U.S. Latino groups sampled, and the strength of the constructs measured. However, we
faced some problems with some variables of interest. With respect to the depression items, de-
spite high internal consistency, it is possible that the language of the interview (English or
Spanish) might have produced slight differences in the comprehension or the meaning of the
items. This variable was not coded in the dataset and as a consequence, our analyses could not
be adjusted by this variable. Also, MESA does not allow disentangling the Central/South Amer-
icans group, which is a heterogeneous cluster that includes people from different national ori-
gins and different sociodemographic profiles. This heterogeneity makes inferences and
conclusions drawn from these results difficult to generalize to other persons from these coun-
tries. Another limitation is that inflammatory markers were measured only once and since sev-
eral factors can influence their concentrations, causal relationship between variables of interest
and inflammation cannot be inferred.
Finally, the temporal association of psychological variables and MetS cannot be inferred due
to the cross-sectional design. The associations between psychological variables, MetS compo-
nents, and inflammatory response are essentially dynamic and bidirectional, and although as a
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strategy we chose to study how psychological variables may be related with MetS as an out-
come, we acknowledge that for future studies, it will be necessary to take advantage of the lon-
gitudinal study design in order to test whether the psychosocial variables at baseline predict the
incidence of MetS at subsequent times.
Acknowledgments
This research was supported by contracts N01 HC95159; N01 HC-95160; N1HC95161; UL1-
RR-024156; N01 HC-95162; UL1-RR-025005; N01 HC-95163; N01 HC-95164; N01 HC95165;
N01HC95166 from the National Heart, Lung, and Blood Institute and by grants UL1-RR-
024156 and UL1-RR-025005 from NCRR. The authors thank the other investigators, the staff,
and the participants of the MESA study for their valuable contributions. A full list of participat-
ing MESA investigators and institutions can be found at http://www.mesa-nhlbi.org. The au-
thors declared that they have no conflicts of interest with respect to their authorship or the
publication of this article.
Author Contributions
Conceived and designed the experiments: MO HM CDS. Performed the experiments: MO. An-
alyzed the data: MO TS CR. Contributed reagents/materials/analysis tools: MO. Wrote the
paper: MO HM CDS CR.
References
1. Ford ES, Li C, Zhao G. Prevalence and correlates of metabolic syndrome based on a harmonious defi-
nition among adults in the US. J Diabetes 2010; 2:180–193. doi: 10.1111/j.1753-0407.2010.00078.x
PMID: 20923483
2. CDC. Prevalence of diabetes among Hispanics—Selected Areas, 1998–2002. Morbidity and Mortality.
Weekly Report 2004; 53:941–944. PMID: 15483527
3. CDC. Hypertension-related mortality among Hispanic subpopulations. Morbidity and Mortality Weekly
Report. 2006; 55:177–180 PMID: 16498382
4. Allison MA, Budoff MJ, Wong ND, Blumenthal RS, Schreiner PJ, Criqui MH. Prevalence of and risk fac-
tors for subclinical cardiovascular disease in selected US Hispanic ethnic groups: The Multi-Ethnic
Study of Atherosclerosis. Am J Epidemiol 2008; 167:962–969. doi: 10.1093/aje/kwm402 PMID:
18283034
5. Bonilla C, Parra EJ, Pfaff CL, Dios S, Marshall JA, Hamman RF, et al. Admixture in the Hispanics of the
San Luis Valley, Colorado, and its implications for complex trait gene mapping. Ann HumGenet 2004;
68:139–153. PMID: 15008793
6. Bonilla C, Shriver MD, Parra EJ, Jones A, Fernandez JR. Ancestral proportions and their association
with skin pigmentation and bone mineral density in Puerto Rican women from New York city. Hum
Genet 2004; 115:57–68. PMID: 15118905
7. Bagger L, Strandberg-Larsen K, Prescott E, Schnohr P, Naja Hulvej N. Psychosocial risk factors,
weight changes and risk of obesity: The Copenhagen City Heart Study. Eur J Epidemiol 2012; 27:119–
130. doi: 10.1007/s10654-012-9659-9 PMID: 22350224
8. Tsurugano S, Nakao M, Takeuchi T, Nomura K, Yano E. Job stress strengthens the link between meta-
bolic risk factors and renal dysfunction in adult men. Tohoku J Exp Med 2012 226:101–108. PMID:
22245766
9. Tamashiro KL. Metabolic syndrome: Links to social stress and socioeconomic status. Ann N Y Acad
Sci. 2011 1231:46–55. doi: 10.1111/j.1749-6632.2011.06134.x PMID: 21884160
10. Tamashiro KL; Sakai RR, Shively CA, Karatsoreos IN, Reagan LP. Chronic stress, metabolism, and
metabolic syndrome. Stress 2011; 14:468–474. doi: 10.3109/10253890.2011.606341 PMID:
21848434
11. Luppino F, Van Reedt Dortland A, Wardenaar K, Bouvy P, Giltay E, Zitman F, et al. Symptom dimen-
sions of depression and anxiety and the metabolic syndrome. PsychosomMed 2011; 73:257–264. doi:
10.1097/PSY.0b013e31820a59c0 PMID: 21257975
Psychosocial Predictors of Metabolic Syndrome in Latinos
PLOS ONE | DOI:10.1371/journal.pone.0124517 April 23, 2015 10 / 12
12. Pyykkonen AJ, Raikkonen K, Tuomi T, Eriksson JG, Groop L, Isomaa B. Stressful life events and the
metabolic syndrome: The prevalence, prediction and prevention of diabetes (PPP)-Botnia Study. Dia-
betes Care 2010; 33:378–384. doi: 10.2337/dc09-1027 PMID: 19880581
13. Chandola T, Brunner E, Marmot M. Chronic stress at work and the metabolic syndrome: Prospective
study. BMJ 2006; 332:521–525. PMID: 16428252
14. JiangW, Davidson J. Antidepressant therapy in patients with ischemic heart disease. Am Heart J 2005;
150:871–881. PMID: 16290952
15. Cohen BE, Pangulari P, Na B, Whooley MA. Psychological risk factors and the metabolic syndrome in
patients with coronary heart disease: Findings from the Heart and Soul Study. Psychiatry Res 2010;
30:133–137.
16. Raikkonen K, Matthews KA, Kuller LH. Depressive symptoms and stressful life events predict metabol-
ic syndrome amongmiddle-aged women: A comparison of World Health Organization, Adult Treatment
Panel III, and International Diabetes Foundation definitions. Diabetes Care 2007; 30:872–877. PMID:
17392548
17. Bird H, Canino G, Davies M, Zhang H, Ramirez R, Lahey B. Prevalence and correlates of antisocial be-
haviors among three ethnic groups. J Abnorm Child Psychol 2001; 29:465–478. PMID: 11761281
18. Page R. Positive pregnancy outcomes in Mexican immigrants: What can we learn? J Obstet Gynecol
Neonatal Nurs 2004; 33:783–790. PMID: 15561667
19. Whisman MA. Loneliness and the metabolic syndrome in a population-based sample of middle-aged
and older adults. Health Psychol 2010; 29:550–554. doi: 10.1037/a0020760 PMID: 20836610
20. Pakalska-Korcala A, Zdrojewski T, Piwonski J, Gil K, Chwojnicki K, Ignaszewska-Wyrzykowska A,
et al. Social support level in relation to metabolic syndrome—results of the SOPKARD study. Kardiol
Pol 2008; 66:500–505. PMID: 18537057
21. Ranjit N, Diez-Roux AV, Shea S, CushmanM, Seeman T, Jackson SA, et al. Psychosocial factors and
inflammation in the multi-ethnic study of atherosclerosis. Arch Intern Med 2007; 167:174–181. PMID:
17242319
22. Ross R. Atherosclerosis is an inflammatory disease. Am Heart J 1999; 138:419–420.
23. Bild DE. Multi-Ethnic Study of Atherosclerosis: Objectives and Design. Am J Epidemiol 2002; 156:871–
881. PMID: 12397006
24. Bromberger J, Matthews K. A longitudinal study of the effects of pessimism, trait anxiety, and life stress
on depressive symptoms in middle-aged women. Psychol Aging 1996; 2:207–213. PMID: 8795049
25. Radloff LS. The CES-D Scale: A self-report depression scale for research in the general population.
Appl Psychol Meas 1977; 1:385–401.
26. ENRICHD. Enhancing recovery in coronary heart disease patients (ENRICHD): Study design and
methods. The ENRICHD investigators. Am Heart J 2000; 139:1–9. PMID: 10618555
27. Grundy S, Brewer B, Cleeman J, Smith S, Lenfant C. Definition of Metabolic Syndrome. Report of the
National Heart, Lung, and Blood Institute/American Heart Association Conference on Scientific Issues
Related to Definition. Circulation 2004; 109:433–438. PMID: 14744958
28. Berlin I, Lin S, Lima J, Bertoni A. Smoking status and metabolic syndrome in the Multi-Ethnic Study of
Atherosclerosis. A cross-sectional study. Tob Induc Dis 2012; 10:9 doi: 10.1186/1617-9625-10-9
PMID: 22716943
29. Gallo LC, de Los Monteros KE, Allison M, Roux AD, Polak JF, Watson KE, et al. Do socioeconomic gra-
dients in subclinical atherosclerosis vary according to acculturation level? Analyses of Mexican-Ameri-
cans in the multi-ethnic study of atherosclerosis. PsychosomMed 2009; 71:756–762. doi: 10.1097/
PSY.0b013e3181b0d2b4 PMID: 19661194
30. Bertoni A, Burke G, Owusu J, Carnethon M, Vaidya D, Barr G, et al. Inflammation and the incidence of
type 2 diabetes. Diabetes Care 2010; 33:804–810. doi: 10.2337/dc09-1679 PMID: 20097779
31. Delaney J, Oddson B, Kramer H, Shea S, Psaty BM, McClellan R. Baseline depressive symptoms are
not associated with clinically important levels of incident hypertension during two years of follow-up. Hy-
pertension 2010; 55:408–414. doi: 10.1161/HYPERTENSIONAHA.109.139824 PMID: 20065156
32. Schneiderman N, Llabre M, Cowie C, Barnhart J, Carnethon M, Gallo L, et al. Prevalence of Diabetes
Among Hispanics/Latinos From Diverse Backgrounds: The Hispanic Community Health Study/Study of
Latinos (HCHS/SOL). Diabetes Care 2014; 37:2233–2239. doi: 10.2337/dc13-2939 PMID: 25061138
33. Alegria M, Mulvaney-Day N, Torres M, Polo A, Cao Z, Canino G. Prevalence of psyquiatric disorders
across Latino subgroups in the United States. Am J Publ Health 2007; 97:68–75.
34. Alegria M, Shrout P, Woo M, Guarnaccia P, SribneyW, Vila D, et al. Understanding differences in past
year psychiatric disorders for Latino living in the US. Soc Sci Med 2007; 65:214–230. PMID: 17499899
Psychosocial Predictors of Metabolic Syndrome in Latinos
PLOS ONE | DOI:10.1371/journal.pone.0124517 April 23, 2015 11 / 12
35. Zsembik BA, Fennell D. Ethnic variation in health and the determinants of health among Latinos. Soc
Sci Med 2005; 61:53–63. PMID: 15847961
36. Dixon LB, Sundquist J, Winkleby M. Differences in energy, nutrient, and food intake in a US sample of
Mexican-American women and men: Findings from the Third National Health and Nutrition Examination
Survey, 1988–1994. Am J Epidemiol 2000; 152:548–57. PMID: 10997545
37. Ayala GX, Mueller K, Lopez-Madurga E, Campbell NR, Elder JP. Restaurant and food shoping selec-
tions among Latino women in Southern California. J Am Diet Assoc 2005; 105:38–45. PMID: 15635343
38. VanWieren AJ, Roberts MB, Arellano N, Feller ER, Diaz JA. Acculturation and cardiovascular behav-
iors among Latinos in California by country/region of origin. J Immigr Minor Health 2011; 13:975–81.
doi: 10.1007/s10903-011-9483-4 PMID: 21626297
39. Gregory-Mercado KY, Staten LK, Ranger-Moore J, Thomson CA, Will JC, Ford ES, et al. Fruit and veg-
etable consumption of older Mexican-American women is associated with their acculturation level. Ethn
Dis 2006; 16:89–95. PMID: 16599354
40. Araujo B, Borrell L. (2006). Understanding the link between discrimination, mental health outcomes,
and life chances among Latinos. Hisp J Behav Sci 2006; 28:245–266.
41. Mulvaney-Day NE, Alegria M, SribneyW. Social cohesion, social support, and health among Latinos in
the United States. Soc Sci Med 2007; 64:477–495. PMID: 17049701
42. Bird H, Canino G, Davies M, Zhang H, Ramirez R, Lahey B. Prevalence and correlates of antisocial be-
haviors among three ethnic groups. J Abnorm Child Psychol 2001; 29:465–78. PMID: 11761281
43. Page R. Positive pregnancy outcomes in Mexican immigrants: What can we learn? J Obstet Gynecol
Neonatal Nurs 2004; 33:783–790. PMID: 15561667
44. Sutherland J, McKinnley B, Eckel RH. The Metabolic Syndrome and Inflammation. Metabolic Syndr Rel
Disord 2004; 2:82–104. doi: 10.1089/met.2004.2.82 PMID: 18370640
45. Ridker PM. Clinical application of C-reactive protein for cardiovascular disease detection and preven-
tion. Circulation 2003; 107: 363–369. PMID: 12551853
46. Dandona P, Aljada A, Chaudhuri A, Mohanty P, Garg R. Metabolic syndrome: A comprehensive per-
spective based on interactions between obesity, diabetes, and inflammation. Circulation 2005;
111:1448–1454. PMID: 15781756
Psychosocial Predictors of Metabolic Syndrome in Latinos
PLOS ONE | DOI:10.1371/journal.pone.0124517 April 23, 2015 12 / 12
